It is always good to see scientists engaging in philosophical reflection on the nature and practices of science. It was thus a delight to read Root Gorelick's (2011) paper in which he attempts to answer the very important question posed in the title: What is theory? Gorelick brings his scientific experience to this question and makes a great deal of progress on trying to distinguish theoretical science from the rest. To philosophers of science, this is gold. Philosophers take such philosophical reflections from scientists very seriously. After all, philosophy of science, as I see it, is in the business of understanding and systematising science as it is practiced. When the opportunity arises to read a thoughtful and clearly articulated account of what a working scientist considers to be the distinguishing features of theoretical science, I for one sit up and take notice. I take notice but, as we shall see, I do not necessarily agree. Gorelick's account is interesting and a good point of departure for an informed discussion on the issues in question, but as an account of theoretical science, I am not convinced. Let me, very briefly, draw attention to what I see as some of the shortcomings of Gorelick's account.
After considering a number of alternative accounts, Gorelick settles on hypothesis formation as the mark of theoretical science:
Hypothesis formation, where a hypothesis is a simple declarative statement, seems to be an unambiguous definition of theory. (Gorelick, 2011: 7) The problem here is that the definiendum itself is ambiguous. We have "theory" in the sense of "a scientific theory" and "theory" in the sense of "the theoretical portion of the scientific endeavour". These two usages are clearly linked, but it is also plausible that the two usages can come apart. It is thus a mistake to seek a single definition of "theory". We need to first disambiguate the question we're trying to answer. This ambiguity manifests itself in a couple of places in Gorelick's paper. For instance, the passage just quoted is a response to a remark by Patrick Suppes (1967) . But Suppes would appear to be speaking of theory in the first sense, while Gorelick, is thinking of it in the second. Gorelick is simply not engaging with the issues Suppes is concerned with. Part of the reason for this is that Gorelick takes the question of what a scientific theory is to have been settled by Popper (1959) , and Gorelick's main focus is the further question of distinguishing theoretical science from the rest. But Popper's attempt at demarcating scientific theories from non-science or pseudo-science (the so-called "demarcation problem") in terms of falsifiable hypotheses is generally thought to have failed.
Popper was moved to falsifiability as the criterion of a scientific theory by the thought that any number of experiments typically cannot conclusively confirm a single hypothesis, but a single experiment may serve to falsify a hypothesis. Duhem (1954) , Lakatos (1970) and Quine (1980 Quine ( [1951 ), however, have all argued that a single hypothesis cannot be falsified either. The problem is that whenever experimental results conflict with the hypothesis under investigation, one can always shift the blame to auxiliary hypotheses (Colyvan and Ginzburg 2003) . Rarely, if ever, can one isolate a single hypothesis to test. As Quine puts it "our statements about the external world face the tribunal of sense experience not individually but only as a corporate body" (Quine 1980 (Quine [1951 : 41). Sometimes, we even dismiss data (as outliers) because they fail to conform to the relevant hypothesis. Of course there is much more to say about this issue but there are overwhelming reasons to believe that, for all its intuitive appeal, Popper's attempted demarcation of science from pseudo-science fails. This is relevant to Gorelick's paper because it is assumed that Popper has definitively answered the question of what a scientific theory is. Moreover, Gorelick's answer to the question of what theoretical science is rides on Popper's coat tails. If one were to accept Popper's response to the demarcation problem, Gorelick's account of theoretical science would seem very natural. Unfortunately, the former fails and this undermines much of the intuitive support for the latter. Modern accounts of scientific theories place less emphasis on the demarcation problem that Popper was interested in and focus more on what a theory is. Here the semantic account currently enjoys widespread (but not unanimous) support. According to this account, a theory is a collection of models (Suppes 1960 , Van Fraassen 1980 , Suppe 1989 , Chakravartty 2001 . I would suggest that looking at recent work in philosophy of science on the nature of scientific theories (e.g. Godfrey-Smith 2006) would be a fruitful place to start in answering Gorelick's question.
Putting aside the associations with Popper and falsification, the most serious problem with Gorelick's proposed definition of theoretical science is that it is too narrow. It leaves out a great deal of what is clearly theoretical work. For instance, systematising and organising data may lead to the formulation of further testable hypotheses, but new hypotheses do not need to be the aim of the exercise. For instance, when Johannes Kepler took Tycho Brahe's data and systematised it in his famous three laws of planetary motion, Kepler was clearly doing theoretical work. Closer to home, Darwin, as Gorelick rightly notes, was an exemplar of a theoretician, yet a great deal of Darwin's work was aimed at explaining and organising existing data.
In short, systematisation, organisation, and explanation seem to be left out of Gorelick's account of theoretical science. Let's focus on explanation. It is interesting to note that some of the accounts of theory in Gorelick's tables mention explanation. Indeed, three of the six citations in Table 3 (Gorelick 2011: 4) explicitly mention explanation as an important component of theoretical work, yet Gorelick lists these three as "associating theory with hypothesis formation". For example Richard Lewontin remarks (cited in Table 3 ) that "we demand both prediction and explanation from a theory" (Lewontin 1963: 223) . Lewontin is surely right about this and it is rather telling that Gorelick ignores the suggestion that theoretical work involves explanation. I should note that explanation and hypotheses formation are very different. One can formulate new hypotheses without having any idea of why the data falls the way it does. For example, someone may have no idea why the sun rises each morning, yet can formulate the hypothesis that the sun will rise tomorrow. On the other hand, one can make no new predictions, yet explain why the sun has risen each morning.
Perhaps Gorelick has a broader conception of what hypotheses are. Perhaps he takes hypothesis formation to include the explanatory tasks in science. But then we are just arguing at cross purposes. This raises an interesting issue of whether it is possible to define a term such as "theory" in isolation. We may need to simultaneously nail down a whole family of related terms such as "hypothesis", "prediction", "law", "explanation" and the like. Be that as it may, I think it is useful to distinguish prediction from explanation. Both are involved in theoretical science, and any account of what theoretical science is must make room for both.
Very often the work of systematising, organising and explaining involves mathematics. It is interesting to note that Gorelick dismisses an alternative account of theoretical science that has mathematics as the mark of the theoretical. While I too have some misgivings about such a mathematics-focused account, Gorelick's main argument against the "theoretical is mathematical" account is that key pieces of theoretical science, such as the work of Charles R. Darwin, are not mathematical. Indeed, Darwin, it seems, was not very knowledgeable about mathematics at all. Darwin, however, most definitely did not see mathematics as irrelevant to theoretical work.
I have deeply regretted that I did not proceed far enough at least to understand something of the great leading principles of mathematics, for men thus endowed seem to have an extra sense. (Charles R. Darwin 2010: 23) Here Darwin suggests that great theoretical insights are available to those with a good grasp of mathematics. While Gorelick may be right that mathematics is not the mark of theoretical science, we shouldn't be too quick to dismiss mathematics as irrelevant to the question at hand. Perhaps mathematics plays a central role in systematising data and delivering explanations (Colyvan 2001) and even formulating new hypotheses via analogies Colyvan 2004, Colyvan and Ginzburg 2010 ).
Gorelick's discussion represents a good start on the question of what theory is. But the final definition offered is too restrictive. The focus on hypothesis formation fails to recognise the rich and varied activities that constitute theoretical science. It also seems to rest on a faulty conception of how to distinguish science from non-science. Notice that I am not offering an alternative account of my own here. That is because I do
